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A tangential viewing soft X-ray camera 
(TSXC) has many advantages over the con-
ventional SX diode array system in fluctuation 
measurements. 1) It can provide 2-D image 
directly without uncertain assumptions in recon-
struction, e.g. the solid rotation of the plasma. 
2) Perturbed structures due to fluctuations are 
usually parallel to the magnetic field. Since the 
sightlines of a tangential camera are nearly parallel 
to the magnetic field lines, the spatial resolution 
for the fluctuations with higher m number is much 
better than that in tomographic reconstruction 
where the sightlines are almost perpendicular to 
the magnetic field. A TSXC has been developed 
in collaborations among NIPS, PPPL and KFA 
and used on TEXTOR-94 Tokamak since 19982). 
After the experiments on TEXTOR-94, on the 
occasion of transferring to the LHD, several 
refinements of the sytem have been done. The 
design of the TSXC on LHD3) is summarized 
in Fig. 1. It first converts the X-ray photons to 
visible light, using a large scintillator plate(A). 
This does give advantages for the time resolution 
as compared to direct conversion; we can make 
faster measurements suitable for MHD fluctua-
tions. A optical fiber bundle of 9 m (B) is used to 
guide the light away from the large magnetic field. 
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The light intensity is amplified using a Hamamatsu 
V4440U-mod electron beam imaging amplifier 
(C), thereby reducing the size to 25 mm dia, 
followed by a taper (D), reducing the picture to 
14 mm dia. A multichannel type amplifier (E) also 
used for shuttering (> 10 ns) and a fast framing 
CCD camera (F)), Kodak C4540MX. 
The resolution of this camera is 256 x 256 
pixels, it is capable of a framing rate of 4.5 kHz 
for full frame. The framing rate can be enhanced 
up to 40 kHz by reducing the number of pixels 
used. The data are first stored in the camera mem-
ory (512 Mbyte) and later on collected in a PC sys-
tem run on Windows-2000 via network running on 
fiber optics. 
This system is installed and tested in the 4th 
experimental campaign of LHD. The basic func-
tion of this system is proved including complicated 
remote control system which is newly developed. 
However, we had three problems to be solved. 1) 
Visible stray lights are superimposed to the SX in-
duced light images. Desigh around the input win-
dow (A) should be improbed. 2) Resolution of the 
measurement is not sufficient from the improper se-
lection of the input window of the second image 
intensifier (E). 3) It takes about 20 min. to obtain 
whole data from the CCD camera controller. It is 
much longer than the typical discharge intervals. 
We will fix the problems and improved equipment 
will be installed on the 8-0 port of LHD in order to 
obtain 2D image of fluctuations in LHD plasma at 
the 5th experimental campaign. 
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Fig.1: Design of TSXC on LHD. 
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